1*1. 



Office de la propriete 

intellectuelle 

du Canada 

Un organisme 
d'Industrie Canada 



Canadian 

lr|j|^ctual Property 



05 



/ UP^V9/00981 
NUMBER 1999 (o 5 . 11/9^ 



An Agency of 
Industry Canada 




Certification 



JreC'D 2 3 l\'0VtS39 




r ■ \ 





Certification 



La presente attestCque les document^^:^^#^^^^is is. to certify that the doc 

ci-joints, dont la Hste^'giir^:^^^ ' --^ — ^:c.^^ 

som des copies authentiqueSvSe^Ydoeife 
ments deposes au Bureau^^^Bfevets^ ^ 



uments 



j^^^J^§^i3^:^^herex:o and identified below are 
' .^^Sfitlie^ docurnents on file in 



true 




itj^^^lication for Patent Serial No: 
MARIANNA KROL, 
ALEXANDEIt^IVANpV ANI>;FA|rHE>'*p^ Including 
Naturally Occurring Gdmpouiids froHi Plants, Algae and Cyanobacteria for Protection 
against Solar Radiation". V. 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED W 
COMPUANCE WITH RULE n.l(.) OR (W 




gent ceitificateur/Certi^ing Officer 

November 571999 



Date 



Canada ^mc cipo 



CA 0 2-2 51457 1998-1 Om 3 





Abstract 



The invention relates to sunscreen compositions for humans inciuding naturally 
occurring sunscreen agents from plants, algae, cyanobacteria, fungi and bacteria that 
protect against exposure to solar radiation. The active sunscreen agents are 
5 compounds that naturally occur in plants, algae, cyanobacteria, fungi and bacteria and 
derivatives of4hesetcompound8l«& 
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COMPOSITIONS INCLUDING NATURALLY OCCURRING COMPOUNDS FROM 
PLANTS. ALGAE AND CYANOBACTERIA FOR PROTECTION AGAINST SOLAR 
RADIATION 



5 FIELD OF THE INVENTION 

The invention relates to novel compositions that protect humans and objects 
from damaging exposure to solar radiation. The invention also relates to active 
compounds which occur naturally in plants, algae and cyanobacteria as well as to the 
1 0 chemical derivatives of these compounds that protect against solar radiation. 



BACKGROUND OF THE INVENTION 

The various layers of the earth's atmosphere absorb most of the solar radiation 
reaching earth with the more energetic ultraviolet radiation (UV) filtered out by the ozone 
15 layer. Of the solar radiation reaching the earth's surface that is of biological interest, 
only about 2% of the radiation is UV-B with its characteristic wavelength range of 280 to 
315 nm. The remainder consists mainly of UV-A with the characteristic wavelength 
range of 315 to 400 nm, visible light of 400 to 700 nm and infrared radiation (> 740 nm). 
Anthropogenic depletion of the stratospheric ozone layer (Madronlch et al.. 1996, Ambio 
"20 24: 143) has resulted in elevated levels of UV radiation reaching the earth and these 
levels are expected to increase in the future. The higher levels of radiation have been 
linked to a significant rise in the incidence of skin lesions and skin cancer in humans 
(Jagger, 1985. Solar-UV Actions on Living Cells, Praeger Pub., N.Y.). Skin cancer now 
occurs more frequently than all other cancers combined. In 1998, there will be 
25 approximately one million new cases of skin cancer in North America alone. According 
to the American Cancer Society, diagnosed cases of skin cancer have increased at a 
rate of about 4% per year in the U.S. since 1973 (Science News 1997. 161: 383). Thus, 
increased incidence of skin cancer has become a serious health concern. 

Skin damage is caused by both UV-A and UV-B radiation. Although damage 
30 caused by UV-B radiation has been extensively studied (Motoyoshi et al.. 1998. 

Cosmetics and Toiletries 113: 51), only a few published papers describe the effects of 
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UV-radiation on human hair or quantify photodamage (Holing et al., 1995, J. Soc. Cosm. 
Chem. 46: 85). Erythma is the nnost apparent result of the sunburn reaction but sunburn 
can also disturb DNA and RNA structure and metabolism. The most serious results of 
chronic sun exposure are photoaging and photocarcinogenesis. 

5 The natural human skin pigment, melanin, has evolved to provide a certain level 

of protection against4Re^damaginiigt<%ffeGts»dfftSolar*^^ . 
Photochem. Photobiol. ^B: Biol. 9:135). The epidermis has4he*ability^tG interfere^with the - 
transmission of UV-radiation. Only about 20% of the incident^radiatiombetween^aoO'^and ^ 
350 nm reaches the^dermis. This^penetration risessgradually4prabout80%iratitorunear^ 
10 550 nm. Evidently, the cells of the stratum corneum are a remarkably effective block 
against UV-B radiation. Keratinocytes are, however, exposed to UV-A radiation even 
though the more energetic UV-B wavelengths are excluded. Moreover, UV-A radiation 
has been shown to induce mutations and to be potentially lethal (Jagger, 1985, Solar- 
UV Actions on Living Cells, Praeger Pub.. N.Y.). 

15 Strategies to protect skin against solar radiation have most often involved the 

application of compositions that either block the radiation or absorb the harmful UV 
component (Gaspa nro et al , d 993|!Photochem .^Phdtobiolr 68:^^3).^AI^ 
sunscreens on the market today protect people from sunburn to varying degrees, they 
do not prevent skin cancer- The use of sunscreens has increased^significantly in the 
^20=Hast"five"i©=tefT^eaT^^ 



1 998, 27:7). Typicalisunsereen preparations block:UV-B but UV^A passes through very 
easily. It has been reported*that*alth6ughjl!JV-B cause$«sunburn, UV-A plays a major s 
role In inducing skin cancer (ASP*News, 1998, 27:7). We believe that there is^a cleap*^ 
need to devise strategies to supplement the body's natural protective mechanisms 
25 against both UV-A and UV-B radiation. A suitable composition must have high activity 
against UV-A as well as UV-B. be safe for application to human skin and provide good 
cosmetic application and appearance. 

Cosmetic chemists have incorporated sunscreen activities into formulations in 
order to achieve the desired protection. Formulating products with an improved UV 
30 screening capacity is a challenge for cosmetic chemists due to concerns over the use of 
high levels of organic actives (Dromgoole et al., 1990, Sunscreens: development, 
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evaluation and regulatory aspects. Marcel Dekker, N.Y.. pp 313-317). Sunscreen 
compounds are most effective when they remain on the surface of the epidermis but 
unfortunately, they are often absorbed to deeper layers of the skin, thereby limiting their 
efficacy and causing irritation. Cosmetic chemists use organic compounds in their 
5 sunscreen fomriulations. For example, combinations of nylon, butyl 

methoxydlbenzoylmetan and octylmethoxycinnamate have been used as UV-screens in 
many solar lotions. (Cosmetics and Toiletries, 1998. 113: 83; Gasparro et al., 1998, 
Photochem. Photobiol. 68:243) (see Table 1). 



10 Table 1. Example of a Sunscreen Lotion/Cream Formulation (Cosmetics & Toiletries, 
1998, 113:84) 

% Composition 

A. Carbomer 0.15 

B. Water 70.70 
15 C. Propylene glycol 2,0 

methylparaben 0.20 
D. Sodium cocoyi lactylate 0.50 
Octoaryl alcohol 1 .60 

Octyl methoxycinnamate 7.00 
anz-ophenone- S 2 tOO 



Octyl salicylate 3.50 

CI 2-1 5 alkyi benzoate 5.00 

Isopropyl palmitate 2.00 

Propylparaben 1,10 

25 E. DMDM hydantoin 0.20 

This formulation provides some protection against UV-B but provides minimal protection 
against UV-A. 

Based on recent reports showing the harmful effect of UV-A exposure on skin 
30 tissue, it is imperative that the cosmetic industry develops as soon as possible 
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protective lotions by broadening the light absorption range of skin lotions (Gasparro et 
al., 1998, Photochem. Photobiol. 68:243). 

Photoautotrophic plants and microorganisms such as green algae and 
cyanobacteria have evolved to protect the sensitive photosynthetic process against the 
5 damaging effects of UV-radiation. Photosynthetic organisms as well as heterotrophic 
organisms such^asifcfungiiandf;baGteria«produGe'naturallyi:occurnng^ooiripounds«that^^^ 
protect them^'from'^the damagif^g^effects^of solar>^radiation. To' date, these organisms ^ 
have not been exploited^aS'!Sources^for9Sunscreen»Gompounds4hat^cant!be>'appliedito^ 
human skih-^^^This^iis^probablyidue in-partr^to the*sclentific^baGkground*^of theHndustijgl" 
10 scientists involved in the cosmetic industry. These scientists are typically synthetic 

organic chemists with limited knowledge and expertise in photosynthesis research and 
the biology and biochemistry of terrestrial plants, green algae and cyanobacteria. It 
would be helpful if the naturally occurring sunscreens from these organisms could be 
adapted to protect humans from solar radiation. 

15 

SUMMARY OF THE^^lNVEN^FlbN 

We identified^several naturally/ occurring compounds which meet the following . 
criteria: (1) act as natural sunscreening agents: (2) protect not only againstHVislbleilight 
and UV-B radiation butalsoiprotecttagainst UV-A radiajUpjo^JSjiicandbe^arixj^ 
20 quantities; (4) are easilyHsolatedi*(5)*are easily incorporatedMn^sunscreen lotionsiwhieh 
will offer protection to humans*against both harmful forms of ultFaviolet-radiation«(y\/rA 
and UV-B); (6) and-as a-consequence; should reduce the^development of skin cancers, 
sunburn, photoaging and photodamage to hair and eyes upon exposure to sunlight. 

The invention Includes several main components: First, we showed that 
25 cyanobacteria principally use a combination of three different types of compounds to 
protect themselves from the harmful affects of solar radiation: (i) carotenoids (ii) 
scytonemin and (iii) mycosporine amino acids. These compounds may be used to 
formulate sunscreen compositions that provide significant protection from solar 
radiation. The compositions are non-toxic, resistant to absorption by the skin, non- 
30 irritating to the skin and capable of application to the skin in compositions that create a 
uniform, continuous film; In additiont^the compounds*arer>chemiealty4Stablecand«resi$tant«:, 
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to chemical and photodegradation when on the skin. The formulations will not only 
protect human skin from photoaging and photodamage but also will provide protection to 
human hair and other surfaces. In addition, these compounds can be integrated into or 
coated on objects such as windows, contact lenses, sunglasses, paints and films for 
5 protection against the damaging effects of prolonged exposure to solar radiation. The 
invention also relates to a method of protecting human skin and other surfaces against 
the deleterious effects of solar radiation by topically applying thereto an effective amount 
of a composition of the invention. 

Second, we have shown a novel method to induce overproduction of these 
10 natural screening compounds. For example, these compounds are very easy to 

produce in cyanobacteria. Cyanobacteria are amenable to manipulation by controlling 
culturing conditions. Since these compounds are produced naturally by photosynthetic 
organisms, the formulations are "eco-friendly" and can be extracted from organisms 
easily and efficiently. 

15 Next, based on the results of research described above, we developed a 

sensitive, relevant biological assay to test the potential of various screening compounds 
to protect against UV-radiation. This is accomplished by exploiting the sensitivity of 
cyanobacterial photosystems to UV-radiation. 

Finally, we identify useful naturally occurring sunscreen compounds from other 

20 organisms and methods for their isolation and use. 

The sunscreen agents, in particular those from cyanobacteria. provide a 
synergistic effect. Compositions containing the three compounds isolated from 
cyanobacteria with a carrier are superior to those which may be obtained, with an equal 
amount of sunscreen compound and a carrier identical in nature, employing either of the 
25 compounds alone. The three compounds are preferably present in the final composition 
in relative proportions chosen so that the synergistic effect, at the level of the sun 
protection factor conferred by the resulting composition, is optimal. 

In one embodiment, the invention is a sunscreen composition including a 
carotenoid or a carotenoid derivative and a carrier. In an alternate embodiment, the 
30 Invention is a sunscreen composition including a polyphenolic compound or a 

polyphenolic compound derivative and a carrier. In another embodiment, the invention 
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is a sunscreen composition comprising a mycosporine amino acid or a mycospohne 
amino acid derivative and a carrier. In yet another embodiment, the Invention is a 
sunscreen composition comprising a carotenold or a carotenoid derivative, a 
polyphenolic compound or a polyphenolic compound derivative, a mycosporine amino 
5 acid or a mycosporine amino acid derivative and a carrier The compositions protect 
skin, hair and^bther«surfacd&^fr^rTirs^larit^^^^^ 

(cosmetiGally^and?'Otheirwise)iwithithe*surfaee4o which4he^compositions4o whichnthey^i^ 
will be appiiedr«for*example^humanislcin»or hair*?*- The carriers»are preferably^at least^one-^ 
of either watert^a gas««a water-basediliquid. an^oiljwa geJaian^emtitsion, a dispe.Psroni>or.a - . 
1 0 mixture thereof. 

The carotenoid preferably comprises a cyanobacterial carotenoid. such as a 
compound selected from the group consisting of (^-carotene, lutein, neoxanthin, 
zeaxanthin, violaxanthin, caloxanthin, nostoxanthin. echinenone. canthexanthin. 
oscillaxanthin and myxoxanthophyll. The polyphenolic compound is preferably a 
15 cyanobacterial polyphenolic compound such as scytonemin. The mycosporine amino 
acid is preferably a compound selected from the group consisting of mycosporine- 
glycine. palythirye«fastefnna^33d|ilp?al9^^ 

glycine:valine and«shinorine!^ Thbic^rQiC^fioidMS preferably^prese^tiin an<amount«QfKabout 
2 mg by weight The^polyphenolicMoouPQund^is preferably^preseFitiin^angamounttoft^^ 

z2j?^^boidr4jQgJ:^ya^ga9te^^i^ — - 
of about 1 mg^l^y^weight^ 

Suitablevcompositiohs*includeiranftOil-in-wate/«emulsion<$or^a^water^in;oiliem^^ 
In a variation, the>suriscreenicori;)positiontfuFtherwirM:ludesfat^l!^ast|o^^ 
acceptable adjuvant or additive, such as a preservative, organic solvent, browning 
25 agent, antioxidant, stabilizer, emollient, silicone, alpha-hydroxy acid, demulcent, anti- 
foaming agent, moisturizing agent, vitamin, fragrance, ionic or nonionic thickener, 
surfactant, filler, thickener, sequestrant, polymer, propellant, alkalinizing or acidifying 
agent, opacifier, fatty compound or colorant. 



30 milk, gel, ointment, suspension, dispersion, powder, solid stick, foam or spray. The 
composition may4.also;<incli!^§lravmakeupyof4ahianh^dr^tl^^ 



Other useful compositions are a nonionic vesicle dispersion, emulsion, cream. 
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The composition may also include a hair rinse, spray, mist, gel, mousse, shampoo, 
conditioner, lotion, emulsion and colouring product. 

In another embodiment, the invention relates to a method of protecting human 
skin human hair or another surface from solar radiation, by topically applying thereto an 
5 effective amount of the compositions of the invention. 

An alternate embodiment of the invention is a sunscreen composition including a 
photoautotrophic cell extract and a carrier. Carriers are compatible (cosmetically and 
othenA^ise) with the surface to which the compositions to which they will be applied, for 
example, human skin or hair. The carriers are preferably at least one of either water, a 
10 gas, a water-based liquid, an oil, a gel, an emulsion, a dispersion or a mixture thereof. 
The extract Is preferably present in an amount of about 0.1 to 25% by weight or about 
0.1 to 10% by weight. The sunscreen composition including a photoautotrophic cell 
extract and a carrier, wherein the photoautotrophic cell extract Is preferably obtained by 
extraction of photoautotrophic cells with methanol and acetone. 

15 In another embodiment, the invention is a kit for assaying a test compound to 

determine its sunscreen efficacy, comprising: a photoautotrophic cell culture, a 
chlorophyll fluorometer and an artificial liquid filter for containing the test compound. 
The invention also includes a method for protecting the human skin, human hair or 
another surface from solar radiation, comprising topically applying thereto an effective 

20 amount of the sunscreen composition of the invention. The invention also includes a 
method of inducing cyanobacteria to produce myxoxanthophyll, scytonemin and/or 
mycosporine amino acid, the method comprising culturing the cyanobacteria under 
conditions of high excitation pressure. The invention also includes a method of 
producing an extract having an increased concentration of at least one of 

25 myxoxanthophyll, scytonemin and/or mycosporine amino acid, the method preferably 

including: culturing cyanobacteria under conditions of high excitation pressure and 

isolating an extract including at least one of myxoxanthophyll, scytonemin and 

mycosporine amino acid. In the methods the conditions of high excitation pressure are 

preferably about 5°C and a light intensity of about 160 ^imol m"^ s"^ or about 29°C and 

-2 -1 

30 a light intensity of about 750 ^mol m ' s . The methods preferably further comprising 
isolating at least one of myxoxanthophyll, scytonemin and/or mycosporine amino acid. 
The invention also includes a method of assaying a compound to determine its 
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sunscreen efficacy, including extracting photoautotrophic cells to produce a solution; 
producing an aqueous filter; determining whether the aqueous filter protects 
photosystem II photochemical efficiency from UV radiation. The protection of 
photosystem II photochemical efficiency from UV radiation is determined by measuring 
5 chlorophyll a fluorescence. 

The invention*alsoi(inclues'?method^for protectingttiumanneyestfrom»solari«i^ 
radiation, comprising applying at least one of a carotenoid. a polyphenolic compound w 
and/or a mycosporine'^amino acidi^or a derivative of a carotenbid^a polyphenolic^^^ 
compound or a mycosporine'^amino^aciditowan-eye wear«lehs«:or a windows 

10 In another embodiment, the sunscreen composition includes a light absorbing 

amino acid or a light absorbing amino acid derivative and a carrier. 

The invention also includes a sunscreen composition comprising: a carotenoid or 
a carotenoid derivative, a polyphenolic compound or a polyphenolic compound 
derivative, a light absorbing amino acid or a light absorbing amino acid derivative and a 
15 carrier. The amino acid or amino acid derivative is preferably selected from the group 
consisting of tyrosine, tryptophan/ a tyrosine derivative and a tryptophan derivatives 



BRIEF DESCRIPTION OF THE>DRAWINGS 



Preferred embodjments'^orfthejlnvention wilhbe described. Inrrelatlon^to the^ 
20 drawings in which: 

Figure 1. Effects of exposure to excessive radiation on the -carotenoid^Gomposition'Of 
Plectonema ^o/yanum. 'Conditions'ofaexcessive- radiation (15/150) vyere^created by , 
exposing cell cultures to low temperature (15° C) and moderate light intensity (150 ^mol 
m"2 s"''). Control cultures (29 / 150) were exposed to high temperature (29 ^C) and 
25 moderate light intensity (150 ^mol m'^ s'^). Cell cultures relieved from exposure to 
excessive radiation (15/6) were exposed to low temperature (15 ^C) but low light 
intensity (6 ;imol m"2 s"''). Mean values ± were calculated from 7 to 9 measurements 
from 3 to 5 independent experiments. 
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Figure 2. Effect of UV-A treatment on the efTiciency of photosystem II of Plectonema 
boryanum cultures. Cells were grown either under control conditions (29 / 150) or 
exposed to excessive radiation (15 / 150). Both cultures were then exposed to UV-A 
radiation and photosystem II efficiency, estimated as the chlorophyll a fluorescence ratio 
5 Fv / Fm. was measured as a function of time. All data are presented as a percentage of 
Fv / Fm of non-treated control cultures. Mean values are calculated from 5 to 7 
measurements in 3 to 5 independent experiments. 



Figure 3. Effect of UV-A + UV-B treatment on the efficiency of photosystem II of 
10 Plectonema boryanum cultures. Cells were grown either under control conditions (29 / 
150) or exposed to excessive radiation (15/150). Both cultures were then exposed to 
UV-A + UV-B radiation and photosystem II efficiency, estimated as the chlorophyll a 
fluorescence ratio Fv / Fm, was measured as a function of time. All data are presented 
as a percentage of Fv / Fm of non-treated control cultures. Mean values are calculated 
15 from 5 to 7 measurements in 3 to 5 independent experiments. 



Figure 4. Chemical structures of scytonemin. mycosporine and myxoxanthophyll. 



DETAILED DESCRIPTION OF THE INVENTION 

20 Preferred embodiments of the invention will be descrit>ed in relation to the data 

from our photosynthetic experiments. 

Light is a fundamental fomri of energy that enters our biosphere through the 
process of photosynthesis and ultimately sustains all living organisms. In photosynthetic 
organisms, this light energy is absortjed by pigments such as chlorophyll which are 

25 present in essential structures called photosystems. With the help of photosystem I and 
photosystem II. the solar radiation absorbed by the pigments is subsequently converted 
to chemical energy that is used to make complex sugars from relatively simple carbon 
dioxide molecules present in our air. Photosynthetic organisms face an important 
conundrum: although they require light for photosynthesis and, thus, require light to 

30 survive, exposure to excessive solar radiation containing UV-A and UV-B can destroy 
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the photosystems. Thus, it is imperative that plants, green algae and cyanobacteria 
protect these photosystems from excessive solar radiation. 



Identification of Sunscreen Compounds 

5 We have%shoyNPit\naU)NhemXhex^^ 

exposed to conditions wherebyMhe photosystems are«exposed»to too^mueh light^energyA,T. 
the cultures increase^heir-iproduction-of three important sunscreening«agents: the 
carotenoid, myxoxanthophylhand>^scytonemln and'^myc^spohne amrno'acids:^ 
cyanobacterium is exposed to excessive radiation (Figure 1. 15/150), this organism 

10 produces about 5 times more myxoxanthophyll compared to control, untreated cells 

(Figure 1 , 29/150). This response appears to be specific for myxoxanthophyll since the 
other major carotenoids, G-carotene and zeaxanthin, exhibit minimal increases. 
Furthermore, when these cells were relieved from exposure to excessive radiation 
(Figure 1 , 1 5/6). the levels of myxoxanthophyll decreased to levels close to that of 

16 controls (Figure 1: compare 15/6 with 29/150). In addition to the accumulation of the 
carotenoid myxoxanthophyll, these cells (TableV2i45/150) doubled^ the lev/els of the UV- 
absorbing- compounds scytonemin (Scy) and mycosporine amino acids (MAA) relative to 
control, untreated cells (Table 2, 29/150). As observed with myxoxanthophyll, the levels 
of scytonemin and mycosporine returned to levelsrfound in controls when the cells*were 

20 relieved from exposure to excessive radiation (Table>2^compare 1 5/6^with 29A1 50):^ 



Table 2. Effects of growth^regime (temperature and light (photosynthetic photon^flux^- 
density) on the content of UV-absorbing compounds scytonemin (Scy) and 
mycrosporine amino acids (MAA). Mean values ±SE are calculated from 3 independent 




25 experiments. 



Growth Regime 
{°C, mol photons m 
29/150 
30 15/150 



mg Scy / mg chlorophyll 

0.687±0.010 
1.146±0.090 



mg MAA / mg chlorophyll 

3.843±0.125 
8.450±0r213 
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15/6 0.724±0.010 4.969±0.270 



To show that these cyanobacterial cultures were indeed protected against UV 
5 radiation when they had accumulated high levels of myxoxanthophyll, scytonemin and 
mycosporin, we examined changes in the efficiency of photosystem II when the 
cyanobacterial cultures were exposed to excessive radiation (Figure 2). Changes in the 
efficiency of photosystem II is the most sensitive measure of photodamage to 
photosynthetic organisms exposed to excessive radiation and can be measured 

10 conveniently as changes in the chlorophyll fluorescence ratio, Fv/Fm (Long et al.. 1994, 
Ann. Rev. Plant Physiol. Plant Mol. Biol. 45: 633). The results in Figure 2 illustrate that 
the efficiency of photosystem II. measured as Fv/Fm. in control, cyanobacterial cells 
(closed symbols) with low levels of the three protective compounds (29/150), decreased 
gradually over time of exposure to UV-A. After 90 minutes of exposure to UV-A. the 

15 efficiency of photosystem II had decreased to about 60% of initial values and to about 
30% after 90 minutes exposure to UV-A + UV-B (Figure 3. closed symbols). Cells which 
had been relieved from exposure to excessive radiation (15/6) and hence also 
accumulated low levels of the three compounds, also exhibited similar sensitivities to 
UV-A and UV-A + UV-B radiation as controls cultures (data not shown). In contrast, 

20 photosystem II efficiency decreased^_^%j^^.s_duritifljexposiirejta^ 

(Figure 2, open symbols) or UV-A + UV-B (Figure 3. open symbols) Indicating that the 
cyanobacterial cultures which accumulated high levels of myxoxanthophyll. scytonemin 
and mycosporine were virtually completely resistant to UV radiation. Thus, the 
presence of increased levels of myxoxanthophyll, scytonemin and mycosporine amino 

25 acids protects the highly sensitive photosynthetic photosystems of these cyanobacterial 
ceils from excessive UV-A and UV-B radiation. The general chemical structures of 
these compounds is illustrated in Figure 4. 

These natural compounds and their derivatives make excellent sunscreen 
agents to protect humans as well as objects from exposure to excessive UV radiation. 
30 The mechanism by which we have induced these cyanobacterial cultures to accumulate 
these compounds appears to be due to the unique interaction of environmental 
parameters such as light intensity and temperature and not to UV radiation. This is 
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consistent with published data indicating that terrestrial plants as well as algae sense 
changes in temperature and light through changes in the redox status of PSIl, that Is. 
PSIl excitation pressure (Maxwell et al.. 1995. Plant Physiol. 107:687; Maxwell et a!., 
1995, Plant Physiol. 109:787; Gray et aL. 1997. 1 14:467; Escoubas et al.. 1996. Proc. 
5 Nat. Acad. Sci. USA 92: 10237; Dumford and Falkowski, 1997, Photosyn. Res. 53:229). 
We have alsQs,inventediay(hovelirnethod*to.induo^ 

screening compoundsain an organismpthat^s veryi;easy4o grow^'and/amenableitp^ 
maniputationiby controlling^Gutturing conditions.^^ 

In a preferred'embodimentt^the«sunsGreen^agents4hat''may«be'usedMd!di^^^ 
10 or together, in the compositions include: 1) a cyanobacterial carotenoid. preferrably 
myxoxanthophyll. 2) a polyphenolic compound, preferrably scytonemin and 3) at least 
one type of amino acid derivative, preferably a mycosporine amino acid. However, the 
greatest efficacy for protection against high light and UV radiation occurs when these 
compounds are present in combination. Each class of compound in this composition 
15 absorbs a specific range of light ie. carotenoids in general absorb in the visible range, 
mycosporine absorbs primarily UV-B and scytonemin absorbs both UV-B and UV-A. 
These compounds may be isolate'd^from^any species^Qf cyanobacteria, such as 
P/ectonema boryanum, Gioeocapsa sp., Chlorogfoeopsis sp ^Scytonema sp. and Nostoc 
commune. The compositions also. preferablyninclude.a*cpsmeticallyiiacceptable carrier 
_20 coxDpaiible with-hiitnan^skinr>e: 



(1) Cyanobacterial Garotenoids . 

The preferred carotenoids of this Invention are the product of cyanobacterial 
biosynthesis activated under conditions of excessive visible radiation (Ehling-Schuiz et. 

25 AL. 1997, J. BacterioL 179:1940). Typical carotenoids include: (i-carotene. lutein, 
neoxanthin, zeaxanthin, violaxanthin, caloxanthin. nostoxanthin, echinenone, 
canthexanthin, antheraxanthin. and oscillaxanthin. The preferred compounds are, 
among others, echinenone and myxoxanthophyll (Figure 4). In this application, the term 
carotenoid includes both single species of carotenoid and a mixture of several 

30 carotenoids. 
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(2) Potyphenolic Compounds 

Scytonemin or one of its conjugates is the preferred polyphenolic compound 
(Figure 4). It is a yellow, lipid-soluble pigment with an an in vivo absorption maximum of 
370 nm and has a structure based on indolic and phenolic subunits (Proteau et al., 
5 1993, Experentia 49:825; Ehling-Schuiz et al.. 1997, 179: 1940; Garcia-Pichel et a!., 
1992, Photochem. Photobiol. 56: 17). In this application, the term polyphenolic 
compound includes both a single species of polyphenolic compound and a mixture of 
several polyphenolic compounds. 



10 (3) Mycosporine Amino Acids 

Mycosporlne is a general term for a group of about 10 to 12 compounds that 
exhibit the general structure shown in Figure 4. All mycosporines have the central ring 
structure shown with various amino groups modifying this ring structure. Mycosporine 
amino acids represent a relatively broad class of water-soluble substituted cyclohexenes 

15 that are linked to amino acids and iminoalcohols and have absorption maxima between 
310 and 360 nm. The term mycosporine in this application includes both a single 
species of mycosporine compound and a mixture of several mycosporines (Garcia- 
Pichel et al., 1992, J. Bacterid. 56: 17; Garcia-Pichel et al.. 1993, Applied Environ, 
Microbiol. 59: 170: Ehling-Schilz et aL.1997. J. BacterioL 179: 1940; Xiong et aL, 19Q7. 

20 Physiol. Plant. 100: 378). All of the compounds commonly referred to as mycosporine 
are Included within the scope of the invention. Typical mycosporine amino acids 
include: mycosporine-glycine, palythine, asterina-330, palythinol, palythene. porphyra- 
334. mycosporine-glycine:valine, and shinorine. 

25 (4) Alternative Compositions 

Alternative compositions of the invention include sunscreen agents from other 
organisms, such as plant, alga), fungal and bacterial sunscreen agents. 
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Carotenoids. polyphenolic compounds and nnycosporine amino acids from 
plants, green algae and cyancbacteria may also be used together or individually In the 
compositions. Carotenoids. as a general class of pigments, are found in all 
photosynthetic organisms including plants, green algae, cyancbacteria and 
6 photosynthetic bacteria. Although the polyphenolic scytonemin is particular to 

cyanobacteria, plants as.well,as;^reen*^algae produce other^polyphenolic compounds 
that act as potential UV screeningxompounds. Mycosporine- amino acids are found in a 
myriad of Antarctic marine organisms and are of similar structure independent of its 
biological source (Karentz et ali;: 1991. Mar. Biol. 108: 157)/ Amino acids that absorb 
10 solar radiation adequately, such as tyrosine and tryptophan, are also useful in the 
compositions of the invention. 

Certain species of heterotrophic organisms (such as certain fungi and bacteria) 
produce carotenoids to protect themselves from light. However, these organisms do not 
produce these pigments in response to excitation pressure. They may produce these 
15 compounds in response to UV exposure or other photobiological signals. The invention 
also includes carotenoids or pigments from either photosynthetic or heterotrophic (ie. 
non-photosynthetie)iorganisms, for example Deinococcus racf/odcirans. which produces - 
a carotenold which is a xanthin, called deinoxanthin. It is also possible to use extracts 
of these organisms in sunscreen compositions. 

-20 — 

Modification of cyanobacteria I sunscreen agents and related sunscreen aoents 

Compounds-similar to the carotenoid. polyphenolic compounds, mycosporine^' 
amino acids (and light absorbing amino acids such as tryptophan and tyrosine) and 
other sunscreen agents of the invention described in this application may also be used 

26 in the compositions. Derivatives may be prepared by the following general methods and 
procedures as well as other procedures known in the art. For example, carbonyl groups 
on scytonemin and mycosporine may be reduced or reductively aminated to give an 
alcohol or an amine compound. Optionally, these alcohol or amine compounds can be 
further derivatized by reaction with, for example, acyl halides. acyl anhydrides, halo 

30 formates and isocyanates to afford esters, amides, carbonates, ureas and the like. 

Amine compounds can also be reductively alkylated with aldehydes and ketones-to from 
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secondary amines. Such derivatization reactions of alcohols and amines are well known 
and can be accomplished using known procedures (Organic Chemistry, 1967. Morrison 
and Boyd, Second Edition). The alcohol groups on mycosporine, scytonemin and 
myxoxanthophyll may be modified using similar techniques. The water or lipid solubility 
of the compounds may be changed by either removing or conjugating the compounds 
with sugars, oligosaccharides, fatty acids, fatty alcohols, amino acids, peptides and 
protein modifications. These derivatives can be assayed using known techniques and 
techniques described in this application to determine their ability to absorb light and their 
usefulness in the compositions of the Invention. 

Extracts 

The present invention shows that extracts of cyanobacteria can be incorporated 
into sunscreen compositions. The extracts may be aqueous extracts or hydroalcoholic 
extracts. The extracts are preferably present In amount necessary to give the desired 
15 protection from solar radiation. These amounts would be apparent to one skilled In the 
art. For example, the amounts of extracts in the formulated sunscreen composKion may 
range from from 0.001 to 25% by weight. 0. 1% to 25% by weight. 0.1% to 10%, 0.1% to 
5%, 0.1% to 1% or 0.6% to 5%. The cyanobacterial extracts can be made by treating 
the photoautotrophic cells, such as cyanobacteria, with extraction agents by methods 
"20 known in the art. Useful extraction agents may include water, mineral oil, hydrocarbons, 
silicones, fatty acids, fatty acid derivatives, waxes, oils, ketenes and mixtures thereof. 
For example, water and an aliphatic alcohol, such as ethanol may be used. 
Hydrophobic extraction agents, as well as hydrophilic extraction agents may be 
employed. Such agents can include fatty acids, esters, diesters. triesters, 
25 hydrocarbons, waxes or silicones. Hydrophilic agents can include water and low 

molecular weight aliphatic alcohols. Other extraction agents will be apparent to those 
skilled in the art. 

Preferably, in the present invention, the cyanobacterial extract is derived by 
extraction In methanol and acetone. Useful extracts may also be obtained from 
30 photosynthetic bacteria, plants and algae. The foregoing procedure may be adapted as 
necessary and applied to these organisms. 

15 
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Formulation of Sunscreen Compositions 

A large number of efficient formulation methods for sun care products have been 
reported during the past twenty years (Flick, 1984. Cosmetic and Toiletry Formulations, 
pp 513. Noyes Pub.. New Jersey; Gaspan-o et a!., 1998, Photochem. Photobiol. 68:243). 
5 Sunscreen products may include a wide range of Ingredients that do not absorb solar 
radiation but^l;ielp to contrbl«charact6ristic83£ich«as«fitmffhick^^^ 
resistancenwater<proofing-and-uniformityc-^The sunsereenS'age^fiitsiiortheM 
carotenoids^suchtvas myxoxanthophyllt^and/or polyphenolic compounds,»suGh as^^ 
scytoneminsand/or mycospopineitamino-aGidstordeflvativesiiof theseiG^ompoundsiare«^?^^ 
10 formulated with known compounds in order to obtain sunscreens with desired properties 
(Sun Care Products Fonnulary, 1998, Cosmetics and Toiletries 113:83). 

The preferred concentrations for myxoxanthophyll are 0.02 to 20 mg by weight 
and more preferably 0.5 to 6 mg by weight. The preferred concentrations for 
scytonemin are 0.01 to 10 mg by weight and more preferably 0.1 to 2 mg by weight. 
15 The preferred concentrations for mycosporine amino acids are in the range 0.01 to 10 
mg by weight and more preferably 0.1 to 2 mg by weight. Suitable masses and 
concentrati^'iBWbr^thieWiijnsere^^^ 
in the art using$linown«teGhniques«^ 

The*GompQundsr.of thevinvention -are also usefullfor^integiiatiQ%intojiqthej«artiiGles .j^ 
20 exposed to i$umligh#Q'|3ftv.gmt«photode8tru<^ 

specific examplesiare/pre.sentedfttd'«illustFate=)moreipartjctularly^the^ln . 
to be constFued«asilifT)itations*ii 



1) Formulation of a UV-Blocking Cream or other Composition 

25 The formulated sunscreens preferably containing myxoxanthophyll, scytonemin 

and mycosporine amino acids are preferably prepared in a phosphate based emulsifying 
system combined with long chain esters such as lignoceryl erucate to confer water 
resistance and controlled spreading when applied to the skin. Compositions are also 
formulated according to other techniques well known in the art. in particular techniques 

30 for preparation of oil-in-water or water-in-oil emulsions. The specific amount of 
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sunscreen compounds needed to obtain a desired sun protection factor (SPF) can be 
determined by those skilled in the art. The SPF may be determined according to known 
techniques. The preferred SPF is at least 2. 

Other useful carriers include any of gases, water, water-based liquids, lotions. 
5 dispersions, oils, oil-based solutions, powder, gels, emulsions, dispersions or mixtures 
thereof. The appropriate amount of carrier can readily be determined by those skilled in 
the art according to the SPF desired. Hydrophobic carriers as well as hydrophilic 
carriers may be employed with the sunscreen compositions. Carriers to be applied to 
the skin or hair are compatible with human skin or hair, respectively. 

10 Additional sunscreen agents known in the art may also be added to the 

compositions, for example at least one additional hydrophilic or lipophilic organic UV-A 
and/or UV-B sunscreen agent. The compositions of the invention may also include, in 
addition, conventional cosmetic adjuvants and additives such as preservatives, organic 
solvents, browning agents, antioxidants, stabilizers, emollients, silicones, alpha-hydroxy 
15 acids, demulcents, anti-foaming agents, moisturizing agents, vitamins, fragrances. Ionic 
or nonionic thickeners, surfactants, fillers, thickeners, sequestrants, polymers, 
propellants, alkalinizing or acidifying agents, opacifiers. fatty compounds (eg. oil, wax, 
alcohols, esters, fatty acids), colorants, or mixtures thereof or any other ingredient that 
may be used in cosmetics and In particular for the production of sunscreen 
^ compositions. 



The invention also relates to a method of protecting human skin against the 
deleterious effects of solar radiation by topically applying thereto an effective amount of 
a composition of the invention. 




25 2) Formulation of a hair-care product with UV-screening compounds. 



Sunscreen compositions for hair may be prepared by adding UV screening 
compounds in hair rinses, sprays, mists, gels, mousses, shampoos, conditioners, 
lotions, emulsions and colouring products to reduce photodamage to hair and 
photobleaching of hair and hair dyes. The Invention also relates to a method of 
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protecting human hair against the deleterious effects of solar radiation by topically 
applying thereto an effective amount of a composition of the invention. 

Makeup products such as foundation, lipstick, eyeshadow, blush, nail polish, 
mascara, moisturizing creams and lotions or eyeliner may also contain the compounds 
5 of the invention. These are fomiulated according to known methods for makeup 
products such^as tho8eafor4prepai;ationtof'^an¥anhydrou8Yor<4aqueousfsotidior<epas^^ 
emulsion, susp^tjision^or dispersionr 

3) Formulation of car windshields, solar panels, solarium and building windows with UV- 
10 screening compounds. 

Car windshields, solar panels, solarium and building windows and other glass, 
plexi-glass, transparent polymer, plastic or similar products may be impregnated with 
UV-screening compounds or covered by a membrane impregnated with UV-screening 
compounds to protect biological organisms, plants and objects from exposure to UV 
1 5 radiation. 

4) Formulation of eyeweanproducts with4JV-screening compounds. 



screening compounds or covered iWith 'a membraneiJiimpregnated witWtJV screening 
20 compounds to protect^eyes^from^^xposure to^UV-^adiation^^ 

5) Formulation of transparent shields with UV-screening compounds for use in space 



Transparent shields and windows for use in space vehicles and space stations 
may be impregnated with UV-screening compounds to protect biological organisms, 
plants and objects from exposure to UV-radlation. 

6) Formulation of protective coatings with UV-screening compounds. 



Eye glasses, Gontactdenses^^andilensrimpiantS8nriaytbeHmpregnated''WithAl£iV 



travel. 
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The sun screen compounds may be incorporated into a variety of paints, stains, 
coloring compositions, lacquers and similar coatings to prevent premature photodamage 
and photobleaching to surfaces of objects. 

Overproduction of Screening Compounds 

The invention also relates to methods for inducing cyanobacterial cultures to 
over-produce the screening compounds of the invention by growing the cultures under 
high excitation pressure. This refers to the manipulation of photosystem II efficiency by 
altering its inherent oxidation-reduction state. We have shown that myxoxanthophyll is 
the primary carotenoid accumulated in Pfectonema boryanum which is localized almost 
exclusively in the cell wall of this filamentous cyanobacterium. We have shown for the 
first time that the accumulation of myxoxanthophyll. scytonemin and mycosporine amino 
acids are a response to growth at high excitation pressure rather than UV-radiatlon. 
This high excitation pressure can be created either by keeping the growth irradiance 
constant and lowering the growth temperature or by keeping the growth temperature 
constant and increasing the growth irradiance in the absence of UV-radiation. The 
accumulation of these compounds makes the cultures totally resistant to UV-A and LA/- 
B radiation based on the measurement of photosystem II efficiency (Figures 2 and 3). 
Where typical or preferred process conditions (e.g.. reaction temperatures, times, mole 
ratios of reactants, solvents, pressures, etc.) are given in this application, other process 
~coiiditionis~mayna1soH5€PHS'edr--OptffTium x^^^^ttions may vary wiin ine^p* 
nutrients or reactants used, but such conditions can be determined by one skilled in the 
art by routine optimization procedures. Sunscreen compound production may be 
induced in plants (preferably higher plants), algae and other organisms containing 
chlorophyll a or b. using similar methods and known methods in the art. 

Cyanobacteria, such as Plectonema boryanum, may be induced to accumulate 
high levels of myxoxanthophyll, scytonemin and mycosporine by simply growing the 
cultures at either moderate irradiance (150 nmol m'^ s'^) and a temperature of 1 5^C or 
at a moderate temperature of 29*^C and high light (750 ^mol m'^ s"^). Thus, we exploit 
these rapidly growing cyanobacteria as a natural source of these screening compounds. 
We culture the cyanobacteria under conditions which maximize production of 
myxoxanthophyll, scytonemin and mycosporine in the shortest possible time. 
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One important factor that constrains the efficiency and capacity to produce these 
compounds biologically is growth temperature. The lower the growth temperature, the 
slower is the rate of growth of the cells and. therefore, the slower the rate of production 
of the compounds of interest. In fact, growth temperature and not growth Irradlance is 
5 the major factor limiting growth rates of Plectonema boryanum (Miskiewicz and Huner, 
unpublished). •Howeve'i?iiow*grigv^^^^ 

the screeningrG}pmpoundsi«Simoeitthe»growth^ratejiof /^/ecton^ 

as dry matter) productionfhas*a Q^:Q,^fabout»2 between-15^C and SoSei'^n increase of 
only 1°C in growth'tempepature-ihas a pptential to increase^ceiUdry matter*produetion<by 

10 about 10%. We may determine the optimum growth temperature for the maximum 
production of myxoxanthophyll. scytonemin and mycosporine with the batch culture 
method presently used in the laboratory. Growth irradiance (150 ^mol photons m"^ s"**) 
and inoculum concentrations remain constant and growth temperature varied between a 
high temperature of 29^C and a low temperature of 15°C. Pigments are preferably 

15 extracted in acetone, separated, quantified on a per gram cell dry weight basis by HPLC 
as described in detail previously (Maxwell et al., 1995. Plant Physiology 107:687). 
Scytonemin and mycosporine amino acidsWe extracted^nt methafnoli^and then qu^ 
spectrophotometrically/^*itSubsequently;^mg sicreeningicpmpound produced- per^gram cell 
dry weight is plotted against gro^h4emperature^to determine optimum growth. 

20 temperature fonmaxiryium product ionr^pf thexspreening^pompo updsv^vj^ 

The accumulationi^of the^sereeningjcompoundsjsinrP/ectenema ^o/iyfaJ7iim*is^ 
response to increased<tBSM igxcitation^pressurei^Thu$r*we increa 

production of these^screenlng compounds'^at the»optirnum*temperature^by increasingHhe 
growth irradiance. Aftei^lithe qptimum-growth^emperature for* ^iroduction IS; established, 
25 the optimum irradiance for production is assessed. The growth temperature is held 

constant at the optimum determined above and growth irradiance varied between 150 

-2 -1 

and 750 ^mol photons m s . Subsequently, mg quantities of screening compound 
produced per gram cell dry weight is plotted against growth irradiance to show optimum 
growth irradiance for the maximum production of the screening compounds. Thus, the 
30 optimum growth temperature and growth irradiance conditions allow us to maximize 
production of the compounds of interest. From the known growth time, the rate of 
production is calculatedias mg screeningpcompound^p^ftgrnpGellfdry. weigbt)ip^^^ 
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From the known photon flux used for the production of the screening compounds, we 
calculate the efTiciency of production as mg screening compound accumulated per gm 
cell dry weight per hour per photon absorbed. 

We also scale up culture production to maximize the volume of the culture 
5 vessels and to maximize dry weight production. Larger culture vessels maintain a 
homogeneous distribution of light of sufficient intensity to create sufficient excitation 
pressure to induce the cells to produce the screening compounds. Second, the vessel 
includes a water jacket to maintain constant low temperature (15®C in the case of P. 
boryanum). 

10 Scytonemin and mycosporine are not specific to the filamentous 

cyanobacterium, Plectonema boryanum. Other species of cyanobacteria known to 
produce scytonemin and mycosporine are useful sources of the screening compounds 
when exposed to high PSIl excitation pressure. Employing the same or similar growth 
conditions for the production of the screening compounds in P. boryanum, we produce 

15 sunscreening compounds in the following filamentous cyanobacteria Gfoeocapsa 

sp.(Garcia-Pichel et al., 1993, Applied Environ. Microbiol. 59:170), Chiorogioeopsis sp. 
(Garcia-Pichel et aL, 1992, Photochem. Photobiol. 56:17), Scytonema sp (Proteau et al., 
Experentia 49:825) and Nostoc commune (Ehling-Schuiz et al., 1997. J. Bacteriol. 
179:1940). Since the latter flourishes under extremely cold conditions, this species is 
"20 i d eaffor t he p rodu ct ion ofthe-scre e nin g c o m pound s undertrtgtr+^igti-exctta i i on 
pressure. In addition, we produce sunscreen compounds in the unicellular 
cyanobacterial species Synechocystis and Synechococcus sp. Concomitantly, we also 
assess the resistance of these species to UV-radiation relative to P. boryanum as 
described above (Figures 2 and 3). 



25 These procedures are adapted for overproduction of screening compounds in 

other organisms that produce sunscreen agents described in this application. 

Biological Assay for Sunscreen Protection 

Sun protection factor (SPF) is used generally as a measure of protection against 
30 skin burn due to UV-B radiation. SPF is defined as the ratio of skin burn due to sun 
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exposure that skin can tolerate with and without sunscreen protection. Thus, SPF is a 
measure of protection against sunburn due to UV-B exposure but does not reflect the 
damaging effects of exposure to UV-A. As a consequence, the inherent value of this 
measure to estimate sunscreen efficacy has come into question recently (Gasparro et 
5 al.. 1998. Photochem. Photobiol. 68: 243), We use a sensitive, relevant, biological 

assay to assess the efficacy^pf various, compounds to proteet^again This 
is accomplished by exploiting the sensltivityof eitherf eyanobaGteriabalgal or plants 
photosystem II to UV-radiationr The sensitivity of cyanobacterial phbtosystem II to UV- 
radiatlon (see Figures*^2 and(.3) is usefuKin an^assay^to assess thetprotective qualities^^of 

10 a potential sunscreen agent or a formulated UV-screening cream. The agents are 

preferably tested using a liquid filter solution of cyanobacterial extract (or an extract from 
a plant, algae or photosynthetic bacteria). Protection from UV damage provided by the 
artificial liquid filter is assessed by monitoring changes in the photosystem II efficiency of 
the cyanobacterial culture using the chlorophyll fluorescence parameter. Fv/Fm. This 

15 test is useful to cosmetic or pharmaceutical companies to test the effidency of UV 
screening agents. 

The advantages^dfvthe cyanobaiGteriahor algaUculture assaysvinclude speedf^: 
simplicity, reproducibility and low cost. The cyanobacterial or algal culture assays will 
replace or supplement more expensive and complex animal models currently In use in 
>smetiC-and4>haiTnaceiJticaJJndustriesi*^AItfaoughi^^ 



to be the easiest organism^to use to assay the effects of UV-screening compounds by 
monitoring the efficiency of photosystem?using chlorophyll fluorescence ratio (Fv/Fm), 
these assays are conducted^using algae^ lichens^higher^plants and a 
containing chlorophyll a. 

25 

Assessment of the Extracted Screenino Compounds to Protect Aoainst UV-A and UV-B 
Radiation 

To show efficacy of extracts containing myxoxanthophyll. scytonemin and 
mycosporine and the other compounds of the invention to protect against UV-radiation, 
30 we create a liquid filter using a solution of the extract. For example, cyanobacteria 
grown under conditions where the screening compounds do not *aGGumulate (either^ 
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29/150 or 15/6) are exposed to UV-A + UV-B radiation as performed in experiments 
illustrated in Figures 2 and 3 alaove. Between this culture and the UV source, a liquid 
filter consisting of solvent only is placed. Concomitantly, a liquid filter containing the 
extracted screening compounds at a known concentration is placed between an 
5 identical culture and the UV source. The effects of exposure to the UV radiation at 
29^C Is assessed by monitoring changes in photosystem II efficiency through changes 
in the ratio of Fv/Fm as a function of exposure time as illustrated in Figures 2 and 3. 
Thus, the cells under the liquid filter containing the screening compounds are protected 
from the UV-radiation compared with identical cells associated with the liquid filter 

10 containing only solvent. UV damage is quantified by the decrease in Fv/Fm and/or by 
changes in other chlorophyll fluorescence parameters such as Fo, Fo', Fm', Fv', Fv7Fm\ 
qp and qn, during or following exposure to UV-radiation. We used a similar approach 
successfully to test the capacity of plant anthocyanin, a red flavonoid accumulated 
specifically in leaf upper epidermal cells, to protect leaves from excess irradiance (Krol 

15 et al.. 1995, Can. J. Bot. 73: 1119). The optimum concentration and ratios of 

myxoxanthophyll: scytonemin: mycosporine required for maximum protection against 
UV-radiation are determined. Similar assessments are completed for other sunscreen 
compounds described in this application. 

We also determine the stability of the extracted compounds to visible light as well 
20 as UV-radiation as a functiQDj)iJjjme.JxijDjufjw^ anthocy^niDS-(KroJ-et-al.. - 



1995, 73: 1119). we stabilized the extract by altering the solvent and pH, The 
breakdown of myxoxanthophyll, scytonemin and mycosporine is monitored first by 
changes in their visible and UV absorption spectra as well as by a decrease in the ability 
of the liquid filter containing these compounds to protect cells against the UV-radiation 
25 as indicated by increased photoinhibition of cyanobacterial cultures that do not contain 
these screening compounds. We now stabilize the extracted screening compounds 
initially by altering solvent, solvent concentrations and pH, 



Purification of Screening Comoounds 

30 UV screening compounds are preferably used as crude extracts or partially 

purified extracts obtained from chlorophyll containing organisms. These screening 
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compounds may also be purified. Extracts and sunscreen compounds are preferably 
further purified preferably by preparative HPLC. For exmaple, semi-purified extracts are 
dissolved in chloroform/methanol and injected onto preparative HPLC columns (30 x 
1 00cm) containing high-resolution silica gel ( 200-400 mesh) particles. Solvent is 
pumped through the column using a Kiloprep Waters preparative HPLC system. 
Fractions containing.ipyxpxanthophyJlf^^^^^ 

a UV/visible^fldw detector^colleGted»and-the solvent^evaporated in vacuo^^ 

PurifiedtmateriaWs tested«on*GyanobacteriaUGultures as a UV screeniusing^tlne'^'^ 
liquid filter method asidesGribed»aboven*BecauseAiT»yxoxanthophyllifs«by*faPth 
abundant material produced by the cyanobacteria. it is extensively purified and used as 
a UV screen. Fractions containing mixtures of scytonemin and mycosporine are also 
used to screen out UV radiation separately as well as in combination with 
myxoxanthophyll. Similar procedures are used to purify the other sunscreen 
compounds described in this application. 

The present invention has been described in terms of particular embodiments 
found or proposed by the present inventors to comprise preferred modes for the practice 
of the invention. It willi(6&>appredate<d«by^thc>selof skillNir^^ 

present disclosure, numerQus^'modifiCiaticns and-^changes^can^be^^madefin the particular 
embodiments exemplifiediyvithoutrdepanting from4he-intended«scope of the ioventionsp? 
^1t~sach =rnedlfieationsiaiB ^nt e r i ded ; tD 7 b B; 1 ^ — 
claims. 

All publications.'vpatents«and^patent«appJicationS''arerherein^incorpDrated^by*^^ 
reference in theipentiretylto4he^same'iextent<as«if«each»individuaUpublication^^ 
patent application was specifically and individually indicated to be Incorporated by 
reference in its entirety. 



2Am 



CA 02251457 1998-10-23 



We claim: 

1 . A sunscreen composition comprising: 

a) a carotenoid or a carotenoid derivative; and 

b) a carrier. 

2. A sunscreen composition comprising: 

a) a polyphenolic compound or a polyphenolic compound derivative; and 

b) a carrier 

3. A sunscreen composition comprising: 

a) a mycosporine amino acid or a mycosporine amino acid derivative; and 

b) a carrier. 

4. A sunscreen composition comprising: 

a) a carotenoid or a carotenoid derivative; 

b) a polyphenolic compound or a polyphenolic compound derivative; 

c) a mycosporine amino acid or a mycosporine amino acid derivative; and 

d) a carrier. 

"5: T 4ie"^:?€m|:^^ 1ti07^ a 

cyanobacterial carotenoid. 

6. The composition of claim 1, claim 4 or claim 5. wherein the carotenoid comprises 
a compound selected from the group consisting of Q-carotene, lutein, 
neoxanthin, zeaxanthin, violaxanthin, antheraxanthin, caloxanthin, nostoxanthin, 
echinenone, canthexanthin, oscillaxanthin and myxoxanthophyll. 

7. The composition of claim 2 or claim 4, wherein the polyphenolic compound is a 
cyanobacterial polyphenolic compound. 

8. The composition of claim 2, claim 4 or claim 7, wherein the polyphenolic 
compound comprises scytonemin. 

9. The composition of claim 3 or claim 4, wherein the mycosporine amino acid 

comprises a compound selected from the group consisting of mycosporine- 
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glycine, palythine, asterina-330, palythinol, palythene, porphyra-334, 
mycosporine-gly cine: valine and shinorine. 

1 0. The composition of claim 1 , claim 4, claim 6 or claim 6, wherein the carotenoid is 
present in an amount of about 2 mg by weight. 

5 11. The composition of claim 2, claim 4. claim 7 or claim 8 wherein the poiyphenolic 
compound^is'-presentiin aniamount<of *about*it mgnby weighty. 

1 2. The composltion of claim 3 or claim 4. wherein*the»myGOsporinetamino)racidiis 
present«in ani^amount'Of -about.! rngjib^y^weightj^ 

13. The composition of any of claims 1 to 12, comprising an oil-in-water emulsion. 
10 14. The composition of any of claims 1 to 12, comprising a water-in-oil emulsion. 

15. The sunscreen composition of any of claims 1 to 14. further comprising at least 
one cosmetically acceptable adjuvant or additive. 

16. The composition of claim 15, wherein the adjuvant or additive comprises a 
preservative, organic solvent, browning agent, antioxidant, stabilizer, emollient. 

1 5 silicone, alpha-hydroxy acld?-^demulcenti anti-:foaijiingiage^[iit#T3oistaH2ingf^^ 

vitaminpfragranee*?>iontc*or nonionic4hickener'j«surfaGtanti«»fill&Yf»^ 
sequestrantv >pQlymer^prope{tant;^alkalinizing«oii addifyingia 
compoundtoracolorant.^ 

1 7. The composittoniof any^Qf claims«>1Md%1-2f41 S^or 6,^comprisingf ainonionfcweside^ 
20 dispersion>«emulsionr creamf'fnilkf^rgeMointmentfifsuspenston^^ 

powderfisolidifstickt'foarniibr^spftaytwr 

18. The composition of any of claims 1 to 12, 15 or 16, comprising a makeup. 

19. The composition of any of claims 1 to 12, 15 or 16, comprising an anhydrous or 
aqueous solid or paste, 

25 20. The composition of any of claims 1 to 12. 15 or 16, comprising a hair rinse, 

spray, mist, gel. mousse, shampoo, conditioner, lotion, emulsion and colouring 
product. 
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21 . A method of protecting human skin human hair or another surface from solar 
radiation, comprising topically applying thereto an effective amount of the 
composition of any of claims 1 to 12. 

22: A sunscreen composition comprising a photoautotrophic cell extract and a 
5 carrier. 

23. The composition of any of claims 1 to 12 or claim 22, wherein the carrier is at 
least one of either water, a gas. a water-based liquid, an oil, a gel, an emulsion, 
a dispersion or a mixture thereof. 

24. The sunscreen composition of claim 22 or 23, wherein the extract is present in 
10 an amount of about 0. 1 to 25% by weight. 

25. The sunscreen composition of claim 22 or 23, wherein the extract is present in 
an amount of about 0.1 to 10% by weight. 

26. A sunscreen composition comprising a photoautotrophic cell extract and a 
earner, wherein the photoautotrophic cell extract is obtained by extraction of 

15 photoautotrophic celts with methanol and acetone. 

27. A kit for assaying a test compound to determine its sunscreen efficacy, 
comprising: a photoautotrophic cell culture, a chlorophyll fluorometer and an 
artificial liquid filter for containing the test compound. 

28. A method for protecting the human skin, human hair or another from solar 
20 radiation, comprising topically applying thereto an effective amount of the 

sunscreen composition of any of claims 22 to 26. 

29. A method of inducing cyanobacteria to produce myxoxanthophyll, scytonemin 
and/or mycosponne amino acid, the method comprising culturing the 
cyanobacteria under conditions of high excitation pressure. 

25 30. A method of producing an extract having an increased concentration of at least 
one of myxoxanthophyll, scytonemin and/or mycosporine amino acid, the method 
comprising: 

a) culturing cyanobacteria under conditions of high excitation pressure; and 
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b) isolating an extract including at least one of myxoxanthophyll. scytonemin and 
mycosporine amino acid. 

31 . The method of claim 29 or claim 30, wherein conditions of high excitation 

pressure comprise: about 5^C and a light intensity of about 150 p.mol m"^ s"^ or 

O 2 1 

5 about 29 C and a light Intensity of about 750 \ivr\o\ m s' . 

32. The methediof anyAof*Glaimsr29to^31 . further*eornprisingiisolating*^ati'leastt,one'»of- 
myxoxanthophyllf>scytprnemin«and/or mycosporineiramino acid?^ 

33. A methodftof assaylng!i@|GompQund4p determirte«it8^8ufnscrieen*effic&cy'^^^ 
comprising: extracting photoautotrophic cells to produce a solution; producing an 

10 aqueous filter; determining whether the aqueous filter protects photosystem II 

photochemical efficiency from UV radiation. 

34. The method of claim 33, wherein the protection of photosystem II photochemical 
efficiency from UV radiation is determined by measuring chlorophyll a 
flourescence. 

15 35. A method for protecting human eyes from solar radiation, comprising applying at 
least one of a carotehoid^Mar polyphenolic>compQundt^and/or^ di^mycospdrinevamino 
acid or a derivative of a carotenoid, a polyphenolic pompojiind or a mycosporine 
amino acid to an eye wear lensvor a window^^^;^ 

36^ A sunscreenicompotsitior^compi^singji^ 

20 a) a light absorbingtfamino add qr a light5!absorblngeaminO!^acid;derivative$*«and 

b) a carrier. « 

37. A sunscreen composition comprising: 

a) a carotenoid or a carotenoid derivative; 

b) a polyphenolic compound or a polyphenolic compound derivative; 

25 c) a light absorbing amino acid or a light absorbing amino acid derivative; and 

d) a carrier. 
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38. The composition of claim 36 or claim 37, wherein the amino acid or amino acid 
derivative is selected from the group consisting of tyrosine, tryptophan, a 
tyrosine derivative and a tryptophan derivative. 
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Figure 2 
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